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StllMAHY 

V 
\ 
A fatigue ttst of on« gradt of pyrolytic graphlta at room tem- 

parature is dascribad hrr«4t», and tha resulting preliminary S-N 

curve is presented» This is the first such data obtained as far as is 

known. 

Also described is a test of pyrolytic graphite hemispheres in 

the Janus Arc Tunnel, a unique facility which can simulate closely 

glide re-entry heating.    Tha thermodynamic capability of both the tunnel 

and the material was thereby demonstrated« (      ; 
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I.    INTRODUCTION 

Tht rapid developments in glide re-entry vehicles will   soon 

reach a point where workable leading edge and nose cap component 

designs are needed.    Structural and thermal requirements which must 

be met present challenging problems,  since temperatures to 5000oF 

are expected for times approaching one hour.    The present status of 

technology and available materials points to radiative cooling util- 

izing pyrolytic graphite» in which thermal equilibrium is quickly 

established between aerodynamic heating and heat loss by radiation 

as the major mode of heat transfer.    Pyrolytic Graphite is a most 

promising material  for these components because of its excellent 

high temperature strength, good oxidation resistance, and faborable 

thermal properties  (See Reference l). 

Realizing that a need exists for leading edge-type components. 

Space Vehicle Engineering (formerly Space Structures Engineering) con- 

ducted an Advanced Development Program during 1959-90, reported in 

document no. TIS RG 61 SD 35.    This was a program of sizable scope 

and dealt with various ramifications of design,  fabrication, and 

testing of a hot load-bearing re-radiative structure.    It also included 

a "Leading Edge Materials Study in which many ceramic-type materials 

were screened by exposing button specimens in a plasma flame.    The 

most promising candidate materials were foamed stabilized zirconia, 

and calcia-compounds. 

In addition, a model of a typical    pyrolytic graphite leading 

edge was fabricated and exposed in the Janus Arc Tunnel.    This unique 
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facility had Just been completed and was being calibrated at that 

time*    Although the surface eroded severly at the intersection-points 

of the nozzle shock waves and the modelt the test did show capability 

of both the test facility and the model. 

In the six-month period from January 1 to June 30, 1961, a log- 

ical continuation of this type of work was planned, consistent with 

time anc funding available, and is described subsequently« 

II.    DYNAMIC TEST PROGRAM 

A,    Background 

In previous design studies of pyrolytic graphite leading edges and 

nose caps the dynamic aspects could not be considered, because no 

dynamic property data of any kind was available.    Reviewing all avail- 

able documents,  and questioning many people directly involved in the 

development of P.O.  (pyrolytic graphite), both within and outside the 

General Electric Company,  lead to the conclusion that this information 

does not exist or has not been made known, and that it is not being 

obtained.    The need for it seems apparent since several semi-operational 

components are presently being fabricated, and many others are in the 

design stage (See Reference 2 and 3). 

Fatigue problems are the bases of fail-safe structural design 

which it a characteristic procedure in dealing with a brittle material 

like. P.G.    The absence of yielding creates a number of special problems 

which must include knowledge of: 

(2) 
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1) Accuratt static and dynamic loads 

2) To1 trances 

3) Material  flaws 

4) Strass cencantrations 

i)    Differtntial axpansion 

In tha design proctss, it is naccssary to know tach of thase factors» 

sinca loads ara not radistributad, as they are in a ductila matarial* 

Tha problan is compounded somewhat by tha fact that at elevated tem- 

peratures, pyrolytic graphite becomes ductile« 

It is no small task, of course, to generate sufficient    dynamic 

data for design purposes, as can be seen by examining the broad dev- 

elopment program described in Appendix II.    The present effort is the 

first step in this overall program, and satisfies a small portion of 

an inmediate need.    The end product is an S-N curve for one grade of 

pyrolytic graphite at room temperature, and information regarding the 

mode of failure»   A work statement of this program is given in Appendix I« 

B.    Procedure and Results 

1. Twenty-seven slabs were cut from a 10 inch I.D. pyrolytic- 

graphite cylinder of about 0.125 inch wall thickness.    Twenty-six were 

successfully machined into fatigue specimens; one broke in handling. 

2. To conserve time by simplifying the machining operation, the 

following specimen shape was accepted, rather than the usual more 

complicated one indicated in Appendix I« 
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3.    Specimens were tested on a Baldwin SF2 machine at 18C0 

cnm,   full  reversals. 

A.    Ihe material density was 2.239 g/cc measured by imneriion. 

5. Figure 1 is a copy of the resulting S-N curve.    It must be 

emphasized that this curve is preliminary only, and must be used with 

caution and reservation.     It is the first  such data obtained, and 

repr^s^nts only one grade of material at room temperature,  and is 

based on a limited number of test points. 

6. The average static bend strength was 15,800 psi with a total 

spread of 3800 psi.    Four samples were tested by a one point loading 

method. 

7. Five fracture replications and electromicroscope observations 

were made on specimens v;ith different endurance at equal  stress levels, 

and with similar endurance at different stress levels.    No conclusions 

could be drawn from these limited observations, but with more replica- 

tions,  a reasonable Judgment could be formed. 
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6.    Enlarged photographs and electronmicrographs were made 

of the fracture areas of all  specimens.    A typical  set is  shown in 

Figur  •. J,3,  and A, 

9.    The above work was done at General Electric's Flight Pro- 

pulsion Laboratory Department! under the supervision of Mr. J. J. Cacclotti. 

III.    MODEL TEST PROGRAM 

A. Background 

The final  stage of a design is the proof testing of models similar 

to the final component«    For nose caps and leading edges, the testing 

phase is of major magnitude,  since a large amount of heat energy must 

be impressed on the model for a long time.    One such test facility has 

been developed recently at the Space Sciences Laboratory of MSVD.    It 

is unique in that the new arc heater design permits long time opera- 

tion at enthalpy values above 10,000 BTU/lb. with contamination by 

electrode deterioration less than 0.1%.    Hence,  stagnation point 

enthalpy of earth re-entry from orbital velocity is closely simulated« 

In order to demonstrate the useful application of this tool in 

evaluating structural components, the testing of several models was 

planned.    In addition to pyrolytic graphite hemispheres, a foamed 

tirconia leading edge model was fabricated.    It was hoped that it 

could be exposed, thus permitting a qualitative comparison to be made 

between it and a similar pyrolytic graphite model, mentioned in the 

Introduction.    Due to a series of facility breakdowns, this could not 

be accomplished in time. 

B. Procedure and Results 

Four hemispherical    yrolytic graphite specimens were made with 

the following specifications! 
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1*    Oiarott«rt    1,25 in (2 sptcimcns) 

1»00 in (2 sptcimcns) 

2. Density i      2.1 g/cc 

3. Wall Thicknesses!    0.250 in. 

4. Deposition»  200 hr. fr 1700 C| using methane gas 

5«    Coolings    100oC per hr. 

These models were chosen because previous runs indicate that 

the stagnation point temperature should be 40000F, which was set as 

a test requirement to thermally simulate a prototype.    Furthermore» 

a shape of revolution was chosen to avoid thermal conplications caused 

by nozzle shock waves striking the model. 

The models were mounted on comrncrcial ATJ graphite stings and held 

in place by three radial  shear pins» also of ATJ graphite.   One spec- 

imen was mounted on a zirconia sting in an effort to minimize conduc- 

tive heat less,    unfortunatelyf in the machining of this modelt the 

backface surface was pierced, by a drilling operation, to within about 

l/l6inch of the front surface, causing a burn through during testing* 

One other specimen was exposed with these results* 

1. Stagnation point temperature-3800° F 

2. Time-254 sec. 

3. Surface recession-0.174 in. 0 stagnation point.   Material 

flaked off severely« 
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Tht remaining sptcimtns could not b« testtd du« to a generator 

failur« in th« arc tunnal power supply, and repairs ware made too 

late to complete the test series. 

Based on results of this and other similar tests, there seems 
o 

little doubt that the target temperature of 4000 F can be sustained 

for at least 5 - minutes.    The use of a low conductivity zirconia sting 

to avoid heat losses, and a higher grade specimen material to prevent 

surface spallation, virtually insures this. 

IV.    Recommendations For Future Activity 

There are many aspects of the leading edge and nose cap problem 

which require major development programs.    For example, the feasibil- 

ity of transpiration-cooling, the use of coated tungsten, or the use 

of a ceramic*   One aspect namely the re-radiative cooling aoproach 

using pyrolytic graphite,  is detailed in Appendix II.    The implemen- 

tation of this program is most strongly urged,  since it would lead to 

a workable leading edge and nose cap component for glide re-entry 

vehicles» 
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Figur« 2.  Typical Fatigue Specimen 

Figur« 3.  Edge View of Fracture - 17 X 

• 

»« • \  V 4 !• 

%v 

Figure U*      Electronmicrograph of Fracture Face - 7500 X 



APPEND!^ 

(9) 

»■   ■ 



i)  *>rt sw^itrn 

2)    Nxmbtr 
04-232 

APPENDIX I 

Prtliminarv 

Dat uatt 

Enqinttr 

Harry Morgan 

Sjsact Struct urts 
Enginttring 

3) Titltt Fatigut Ttsts of Pyrolytic Qraphitt 

4) Dallvtriasi    By sub-contractor to purchaser 

A, Reports as described in paragraph 6 K 

B. All  specimens, properly identified* 

5) To Be Negotiated With» 

General Electric Company 

Flight Propulsion Laboratory Department 

Evandale - Cincinnati 15, Ohio 

6) Scooe of Workt 

A. In general, the final product desired is a room temperature fatigue 

curve for one orade of pyrolytic graphite,   showing the apparent  fiber 

stress at specimen failure versus the number of stress reversal  cycles. 

B. Sinct this type of work has never been reported in the literature, 

unforseeable circumstances may require some deviations from the original 

plan.    The subsequent outline attempts to account  tor this possibility, 

but leeway must be given. 

C. Fabricate sufficient  flat plates for 15 test  specimens.    The material 

should have a density of 2.2 grams per cubic centimeter (0.06 Ib/cu. in.), 

be free of delaminations, with a minimum of surface growths* 

(10) 



Work Statement 
Page 2 

From thtte platat cut sptcimant tuitablt for ttsting In • Sonntag 

SF-1 vibrator or timilar machina, taking cara not to marr the surfaces 

in any way and should approximate the following shapet 

).5 8M>.CTrv) 

D) Teat two apecimens statically to verify the maxiann amplitude for failure» 

(which depends on the specimen used). Load ia to be applied perpendicular 

to the o-b planet 

E) Using three specimens, more or leas, determine the endurance limit aa 
6 

defined by that cyclic atreas cauaing no failure for at leaat 10   cyclaa. 

F) For three equally spaced stress levels between the ultimate atatic and 

the endurance limit determine the nunber of cycles to failure, using 

three apeelmena for each level« 

G) For each specimen determine whether failure waa t anal la or shear Induced. 

H)    If time permit a, repeat ateps (C) to (Q), but thla time grind the sur- 

face a down smooth» 

I)    Direction tt work -   Jack Graham/ Jo». Cacclotti 

J)   Claaalfleatlon -   U.S. - unclassifiedi GE Co. - proprietary 

(U) 



Work Stattmtnt 
Pag« 3 

K) Rtports - 1) Wtckly letttr rtport indicating work compltttd during 

that currant waak and contamplattd for tha following 

waak. 

2) Final raport »pacifying in datail, tha mathods of 

fabricating spacimansv tast procedures, and results. 

Due by June 26, 1961* 

L) Changes - Deviations from tha work scope as detailed in Section 6 is 

permissible (see paragraph 6 B), but the essence and aim must be 

unchanged. In any event, the purchaser and sub-contractor must agree 

and document any change. 

7) Soacificationst      none 

8) Teet  and Special Eauir'nantt 

Pyrolytic Graphite production furnace 

9) Liaisont    Refer all technical questions tot 

Harry Morgan 

Space Structures Engineering 

General Electric Company 

Missile and Space Vehicle Department 

3198 Chestnut Street 

Philadelphia 4,  Pennsylvania 

(12) 



Work Stat«ntnt 
Pagt 4 

10) Dtlivtrv Dattt    Final Rtport - Junt 26, 1961 

(«••k 26) 

11) Chanatst    Nont (initial issut) 

Rtvirwtd By« __.„_^___ Prtpartd Byt 
A.M. Garbar H, Morgan, Enginaar 

Spact Vahicla Enginearing 

Approvad Byt 
W. D. McKaig, Managar 
Spaca Vahicla Enginaering 
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APP8MPIX II 

PYROLYTIC GRAPHITE DEVB^PMENT PROGRAM 

1,0    IWTRODUCTION 

1*1    Ovtr-all Probl«n Rovlewi 

Dwnands impostd on space vehicl« conpontnts have been 

increasing both in severity and complexity! and perhaps the most 

challenging areas are nose and leading edge portions*    Structural 

requirements of these components present serious problems to the 
o 

designer»  since tmperatures of from 3000 to 5000 F,  are expected 

for times approaching one hour.    While several heat protection 

concepts are available such as heat sink, ablation, convection, 

and transpiration cooling, the most promising on the basis of weight 

and reliability is radiation cooling.    However» it must be recog- 

nized that major material  and structural problems exist  for this 

type of system.    It is necessary to have available materials that 

possess high strength at extreme elevated temperatures,  remain 

reasonably resistant to oxidation,  and also be fabricable. 

Pyrolytic Graphite, because of its excellent high temperature 

strength, good oxidation resistance, and favorable thermal properties, 

shows great promise as a suitable material for these structural 

components.    Success in utilizing pyrolytic graphite can be achieved 

only with a detailed knowledge o f its behavior when subjected to 

severe aerothermochemical  environment.    Its ability to endure the 

re-entry conditions depends not only upon the rate of applicat'on, 

magnitude, duration, and nature of the heating lo.J.  but also upon 

(14) 



its physical, thtrmal,  and mtchanical propartits which intaract 

with its surroundings.    Tha diffaring mechanical and thermal propartias 

in perpendicular diractions results in behavior which is not sim- 

ilar to that observed in previous aircraft and rr-entry vehicle 

designs* 

1.2 Need for Development Program t 

The most critical  structural problem of the radiative approach 

deals with finding a high temperature material» and learning how to 

work with it.    This department is already beginning to attain such 

competency in view of past pyrolytic graphite developments, and 

the program presented herein is a natural extension of prior work. 

Therefore,  it is necessary to acquire the ability to design, 

analyze and fabricate hypothetical nose caps or leading edges, and 

then demonstrate that these components can be used on various classes 

of re-entry vehicles. 

To do this, a logical Development Progra-, as presented in 

subsequent sections,  should be followed. 

1.3 Problem Areast 

1.3.1    Although some basic material property data is available,  even 

to the point of assigning confidence values, additional infor- 

mation is needed, specifically dynamic, creep and oxidation 

rate data. 

1*3 2   Pyrolytic Graphite is not new, dating back to 1880 when W. E. 

Sawyer was granted the first patent in which P.G, seems to 

be the product, and in 1886 when Thomas Edison produced it 

in his search for a lamp filament»    The process consists of 

(15) 
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depositing carbon from a carbonaceous gas onto a mandrel 

of the required  shape.    Deposition depends on factors 

such as ga« temperature, flow rate, pressure, composi- 

tion, etc*    Just how these parameters effect the end 

product quality is not well understood.    Hence, some studies 

must be made to  shed light in this area,  and guarantee high 

quality components. 

1.3.3    In order to obtain the needed property data, most of which is 

at elevated temperatures,  it is necessary that suitable testing 

and measurement methods be available.    Although this normally 

belongs in the material properties area,  certain test tech- 

niques are special problems requiring  separate studies.    Some 

of these techniques are known either at MSVE or at GE-sister 

departments such as FPLD.    Others must be developed by means 

of "sub-development programs." 

2.0   OBJECTIVES 

2*1    To build prototype nose caps and leading edges which survive in spec- 

ified glide re-entry vehicle environments.    This will be done by 

first defining types of environments based on typical glide re-entry 

trajectories.    Then, determining necessary material properties and 

analytical methods which are not available to date.    After conducting 

fabricabilitv and design studies, prototype models will  be  fabricated 

and tested. 

3.0    PROGRAM DESCRIPTION 

3.1    Aerodynamic Environment» 

(16) 



3.1.1   Dtfin« trajtctory classes, i*«.t high L/b (lif+-to-drag ratio). 

low L/D,   skip glidt,  and highly manauvcrabl«. 

3.1»2   Dattrmint for aach trajactory,  local  flow data  (tamparaturt, 

prassura, valocity), which is usad in subsaquant tharmodynamic 

computations. 

3»2   Matarial ProDTtiast 

3.2.1 Available data has baan survayad and is presented in Tabla I 

and II»    Thay must be reviewed continuously. 

3.2.2 Static Properties - sufficient data is nowi or will  soon be 

available for design purposes» with one exception! 

3.2.2.1    Compression yield. 

3.2.3 Time Dependent Properties 

3.2.3.1 Endurance limit - use 5 specimens to  find the enduranr 

limit and 10 specimens to define a preliminary s-n 

curve (stress vs.  number of loading cycles to fractur- 

To be done at RT, 5000F, 15000F,  2500oF. 

3.2.3.2 Damping characteristics - use 3 cantilever beam 

specimens and 2 hinge-ended beam specimens,  five 

readings each at RT,  b000¥, 15O0oF, 25000F. 

3.2»3«3    Notch sensitivity - use 3 specimens for each of 3 K 

factors at RT,  500C>F,  1500oF,  25000F. 

3.2.3.4    Creep - use 36 specimens to obtain stress-rupture 

curves  (stress producing fracture vs.  time at that 

stress) at RT, 500oF,  1500oF,  25000F (3 points par 

temperature,  3 runs per point).    From these data, 

plot a Larsan-Miller curve» 

(17) 



3»2»3.5 Oxidation ratt - although data is available, it must 

b« verified by testing 2 samples each of 2*2 and 

2.1 g/c.c. density pyrolytic graphite, and high 

density commercial graphite at 1400°, 1800 , 2200°, 

2600°, 3600OF. 

3.3 Fabrication Studiest 

3.3»!    Surface growths - determine parameters affecting the formation 

of growths by making about  20 platrs,   varying  for each pressure, 

temperature, mandrel material.    A specific combination schedule 

cannot be detailed  because much depends on information learned 

from previous runs. 

3.3.2 Dimensional tolerances,   shape limitations,  and reporducibility 

factors - make models of four size ranges (subject to furnace 

availability),  three shapes of each size (spherical,  cylindrical, 

and rectangular),  three of each  (making adjustments every time as 

indicated).    All   specimens are to be inspected  for size,   soundness 

of material   (delaminations,  growths),  and  equivalence of similar 

models. 

3.3.3 Machining - investigate drilling,  threading,  and other related 

problems as they arise. 

3.4 Design 

3.4,1    Attachments - 

3.4,1,J    Bonding -  is being  studird under a contract with Lockhrcd, 

Effort here will  consist of keeping up to date with 

developments, 

3.4.1.2   Mechanical   fasteners - clamp,  belt,   flange,  and breech 

type joints will be investigated using stress concen- 

tration data obtained. 
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3.4.2 Handling,   shipping,  storag« - dattrmint  factors nacassary for 

tha safa handling of components such as containar typas,  hand- 

ling Jigs, and corrosion protaction. 

3.4.3 Thermal   shielding - due to tha high heating rates expariancad, 

provisions must ba made to  shield tha back-up  structure and 

keep temperatures down to tolerable levels. 

Alternative   methods to be studied aret 

3.4.3.1 Radiation baffles - in which  foil  gage plates block 

rearward heat radiation, 

3.4.3.2 Auxiliary cooling - using an active or passive coolant 

such as water, 

3.4.3.3 Heat sink - providing mass to absorb heat, 

3.4.3.4 Insulation 

3.4.4 Sensor provisions - investigate tha necessity and requirements of 

temperature,  pressure, erosion rate,  and stress sensors and 

provisions for them,   such as holes,   slots,  lugs,  etc. 

3.4.5 Shock loading - investigate stresses due to boost,  gust, and land* 

ing which may be quite high and must be given careful   consider- 

ation. 

3.4.6 Acoustic and vibration - determine local and over-all   stresses 

due to dynamic effects.    Because of the brittleness of pyrolytic 

graphite,   it may become a  serious problem,although panel  flutter 

is not  expected due to the large wall  thicknesses involved. 

3.5    Analysis» 

3.5.1    Structural 

(19) 



3.5.1.1 A survty of mrthods rtgarding orthotropic mattrial 

analysis combintd with ttmparatur* gradients»  to 

dtttxmin« what  is availablt and what  is netded. 

3.5.1.2 Exttnsion of available work which prtsents approximate 

mtthods of analysis for orthotropic spherical  and 

cylindrical  shells.    Includ« non-circular cross 

stctions,   span-wist tamperature gradient, variabla 

wall thicknass,  and variable boundary conditions. 

3.5.1.3 Residual stresses - determine methods of predicting and 

reducing the effects of residuals. 

3.5.1.4 Failure - determine whether existing yield and fracture 

criteria are applicable to pyrolytic graphite, and make 

any modifications necessary. 

3.5.1.5 Creep  and Fatigue - analyze the effects of time and 

cyclic  loads, with particular attention to stress con- 

centrations and brittle behavior. 

3.6 Model•i 

3.6.1 Design-specimens for property measurements,   fabrication studies, 

detail design  studies if necessary,  and the prototypes. 

3.6.2 Fabricate - according to results of this and other work. 

3.7 Teat i 

3.7.1    Techniques - develop methods and  fixtures necessary for testing 

of various phases,  i.e9, property determination,  fabricabilityi 

andprototype qualification.    Tests required are:    static, 

dynamic, thermodynamic  (Janus Arc)  and prrosure-temperature 

simulation (Malta Rockets). 

(20) 



3,7,2    Measurwntnts - although this is normally includtd  undar fast 

techniques,  it is an area where a distinct effort is necessary. 

For example, measurement of  strain at elevated temperature, 

measurement of residual   stress,  and orthotropic  stress-strain 

measurement» 

4,0    SCHEDULE    - see enclosure 

(21) 



ENGINEERING PLAN SCHEDULE 

PYROLYTIC GRAPHITE DEVELOPMENT PROGRAM 

ITEM MONTHS FROM GO AHEAD 

AERO ENVIROttCNT 

MAT.  PROPERTIES 

FABRICATION 

DESIGN 

ANALYSIS 

MODELS - Proptrtits 

Fibrictbllity 

Prototyp« 

TEST -      ProptrtUs 

Fabricability 

Prototyp« 

REPORT 

12 15 18 

—I 1 I 
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TABLL    I 

STATUS OF PBIOLYTIC GRAH1ITL PRüPLhTILS 

Temperature - 0F 

STATIC STRENGTH 

Ultimate Tensile 

Ultimate Compression 

Tension Yield 

Compression Yield 

Ultimate Shear 

Modulus of fclssticity 

Modulus of Shear 

Poisson's Ratio 

Stress-Strain 

Modulus of Rupture 

b 
c 

a 
b 
c 

s 
b 
c 

s 
b 
c 

b 
c 

a 
b 
c 

s 
b 
c 

s 
b 
c 

s 
b 
c 

s 
b 
c 

& r^ 

1 N         1 r           ~         ^n 

_,      —J 

1       ^ 

1 

i 

\- — 

11 

KEY   a - Data presently srailable 

b - Data available by 1962 
c - Data needed 
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TABLt 1  ( cont'd) 

STATUS OF PYROLYTIC GRAPH 111, PHüPLHTlüS 

Teni{>«r*ture - 9F 

DYKAJIIC STRENGTH 

Lndurance Limit 

Impact Strength 

Damping 

TIMI^DEPENDfcNT PROPLRTI^ 

Creep 

Isochronous stress- 
'trai i 

OTHER STRUCTURAL PRÜPLRTILS 

Notch Sensitivity 

Crack Propagation 

Cyclic Behavior 

Imperpectiona 

Hardness 

Elongation vs. Strength 
(Trade-off) 

« »  H 
to Ji  OS 

a 
b 
c 

n 

a 
b 
c 

a 
b 
c 

a 
b 
c 

i 

b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

| 

i 



TABLE    I    (cont'd) 

STATUS OF PIROLYTIC GRAPHITE "HOPtRTlKS 

Temperatur« 

? •    fc        §        § § \ 

- WF 

THERMAL PROPERTIES 

F.xT>«nilon Coefficient 

Thenud Conductlvltj 

Specific Heet 

b 
c 

B«li»lTlty 

Oxidation Rate 

Erosion and Othtr 
Ablation Ratet 

Thermal Shock 
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TABLE    I    (cont'd) 

STATUS OF PYROLYTIC GRAPHITE DEVELOPMENT 

Temperatur* -    F 

OTULK HtULBTIES 

2 b 
^5  ^ p^ 

Electrical Conductivity 

iiadiation Effects 

Manufacturing Methods 

Tolerance« 

Annealing 

Alloying 

Bonding 

Reliability 

Chemical and Electrolytic 
Corrosion 

Non-deetruetive Testing 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 
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TABU II 

At/:'Ci^ AT WU:;K ü;.' 

PYliOirriC tJiUU'lU'.' 

I.     dTATIC amBNoni 

1. Ultlaat.'   iViullc 
2. Ultlinat'' Cuupn salon 
^. ..■ri;i.      .    i ..   1  ■ 

k. CcNnprtsalon Yl<*lrt 
5. UltluMto 3hcar 
0. »tod.   of    Iratlclty 
7- Mod.   uf .tacar 
ö Itolaooii'i   i«tlo 
9. Strraa-Siratn 

10. Morliilua of Huptun- 

II.   nr-'AMic STi^^ra 

•1 
•' *i 

f} to ■i 
.1 

': . 
it n 
'■■ 

11 n i; 
t' o n • 
| tJ 

',i t 

ii 
ii 

■.I 

;. 
(i 

■ '< 

It 

4i 

1 43 

I. u 
r' O 

♦» i»      rt 

(> i 
1 

O 

I 

■ 
X 

■ X 

X 

1. Jkluranc«*  Limit 
2. Impftet Strength 
}•    nanplng CbAract«rlatlcs 

ill. Tiit:.n:H:.<Pj.fi' i'..op. 

1. Creep 
2. laochrunoua Strcaa-Jtraln 

IV.   yrHKn S7.fljCTu.<AL p.iui-^friic: 

1. totch Scnaltlvlty 
2. Craclt F'ropa^atlon 
3. Cyclic  Deh*vlor 
k. L-jperf' ctlona 
5. ::iong»tlon va.   .Itrength 
b. llarincaa 
7. ^nalty 

v.    TIL: DIAL PiWP^itriro 

i Ox-fflclent of :^p»nalon 
;_> Tlienml Conductivity 
^ Opeciric  Meat 

Ü islaaWlty 
5 Oxidation iitna 
b ^oalon aiti Ablation 
7 Iw-mal    .hoer. 
b Itot  ilow CharacV-riatico 

vi.   t/m 

i l- ctrlcal Conductivity 
n adlatio..   ;;focto 
J lanifacturlnc l*-thorlü 
'» olfrancoa 
5 AJI >■ al .n 

b Alloylni; 
7 noodine 
U .■•liability 
y Ch'«.  an<l    :)<jcl.rolytlc Con 

10 lon-fl^atrvictl v     'atinr 
u ifctalloj'.mpliy 
12 Ulfrasonic:. 
u A'\j Curn-nt 
Ui Oyc   fv-n».»rant 
15 larilo ',iai>hy 
10 :>>nlr!u 
17 X-ray niffractlon 
lö brätln«. 
19 Coat 1 tie 
20 JVnieabllit.y 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

K 

X 

X 

X 

X 

X 

X 

X 

■ 



TABLE II    (continued) 

A. Agencies extensively engaged  In work with P.G. 

1. Jet Propulsion Laboratory 
2. LMSD - Sunnyvale 

3. LMSD - P&lo Alto 

k,       LMSD - Van Nuys 

5. G. E. 

6. High Temperature 

7. Raytheon 

B. Agencies moderately engaged in work vith P.O.: 

1. National Carbon 

2. Battelle 

5- Lexington Labs 

k. Metals Research 

5. Southern Research 

6. Naroco 

7. Westech 

8. Solar 

9. Avco 

10. Aerojet-General 

J 


